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METHODS OF ADMINISTERING BOTULINUM TOXIN 



Related Application 

The present application is continuation in part of 
application Serial No. 09/730,237 filed December 5, 2000, 
the disclosure of which is incorporated, in its entirety, 
herein by reference. 

Background of the Invention 

Botulinum toxin 
The anaerobic, Gram positive bacterium Clostridium 
botulinum produces a potent polypeptide neurotoxin, 
botulinum toxin, which causes a neuroparalytic illness in 
humans and animals referred to as botulism. The spores 
of Clostridium botulinum are found in soil and can grow 
in improperly sterilized and sealed food containers of 
home based canneries, which are the cause of many of the 
cases of botulism. The effects of botulism typically 
appear 18 to 3 6 hours after eating the foodstuffs 
infected with a Clostridium botulinum culture or spores. 
The botulinum toxin can apparently pass unattenuated 
through the lining of the gut and attack peripheral motor 
neurons. Symptoms of botulinum toxin intoxication can 
progress from difficulty walking, swallowing, and 
speaking to paralysis of the respiratory muscles and 
death . 

BoNT/A is the most lethal natural biological agent 
known to man. About 5 0 picograms of botulinum toxin 
(purified neurotoxin complex) serotype A is a LD 50 in 
mice. One unit (U) of botulinum toxin is defined as the 
amount of toxin that kills 50% of mice upon 
intraperitoneal injection into female Swiss Webster mice 
weighing 18-2 0 grams each. Seven immunologically 

distinct botulinum neurotoxins have been characterized, 
these being respectively botulinum neurotoxin serotypes 
A, B, C 1( D, E, F and G each of which is distinguished by 
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neutralization with serotype-specif ic antibodies. The 
different serotypes of botulinum toxin vary in the animal 
species that they affect and in the severity and duration 
of the paralysis they evoke. For example, it has been 

5 determined that BoNt/A is 500 times more potent, as 
measured by the rate of paralysis produced in the rat, 
than is botulinum toxin serotype B (BoNT/B) . 
Additionally, BoNt/B has been determined to be non-toxic 
in primates at a dose of 480 U/kg which is about 12 times 

10 the primate LD 50 for BoNt/A. Botulinum toxin apparently 
binds with high affinity to cholinergic motor neurons, is 
translocated into the neuron and blocks the release of 
acetylcholine . 

life Botulinum toxins have been used in clinical settings 

M 15 for the treatment of neuromuscular disorders 

Iff characterized by hyperactive skeletal muscles. BoNt/A 

^ has been approved by the U.S. Food and Drug 

m Administration for the treatment of blepharospasm, 

tU strabismus and hemifacial spasm. Non- serotype A 

L 20 botulinum toxin serotypes apparently have a lower potency 

\* and/or a shorter duration of activity as compared to 

BoNt/A. Clinical effects of peripheral intramuscular 
i3 BoNt/A are usually seen within one week of injection. 

rU The typical duration of symptomatic relief from a single 

25 intramuscular injection of BoNt/A averages about three 
months . 

Although all the botulinum toxins serotypes 
apparently inhibit release of the neurotransmitter 
acetylcholine at the neuromuscular junction, they do so 

30 by affecting different neurosecretory proteins and/or 
cleaving these proteins at different sites. For example, 
botulinum serotypes A and E both cleave the 25 kiloDalton 
(kD) synaptosomal associated protein (SNAP-25) , but they 
target different amino acid sequences within this 

35 protein. BoNT/B, D, F and G act on vesicle-associated 
protein (VAMP, also called synaptobrevin) , with each 
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serotype cleaving the protein at a different site. 
Finally, botulinum toxin serotype C x (BoNT/Cj has been 
shown to cleave both syntaxin and SNAP-25. These 
differences in mechanism of action may affect the 
5 relative potency and/or duration of action of the various 
botulinum toxin serotypes. 

Regardless of serotype, the molecular mechanism of 
toxin intoxication appears to be similar and to involve 
at least three steps or stages. In the first step of the 
10 process, the toxin binds to the pre- synaptic membrane of 
the target neuron through a specific interaction between 
the H chain and a cell surface receptor; the receptor is 
thought to be different for each serotype of botulinum 
toxin and for tetanus toxin. The carboxyl end segment of 
15 the H chain, H c , appears to be important for targeting of 
the toxin to the cell surface. 

In the second step, the toxin crosses the plasma 
membrane of the poisoned cell. The toxin is first 
engulfed by the cell through receptor-mediated 
20 endocytosis, and an endosome containing the toxin is 
formed. The toxin then escapes the endosome into the 
cytoplasm of the cell. This last step is thought to be 
mediated by the amino end segment of the H chain, H N , 
which triggers a conformational change of the toxin in 
25 response to a pH of about 5.5 or lower. Endosomes are 
known to possess a proton pump which decreases intra 
endosomal pH. The conformational shift exposes 

hydrophobic residues in the toxin, which permits the 
toxin to embed itself in the endosomal membrane. The 
30 toxin then translocates through the endosomal membrane 
into the cytosol . 

The last step of the mechanism of botulinum toxin 
activity appears to involve reduction of the disulfide 
bond joining the H and L chain. The entire toxic 
35 activity of botulinum and tetanus toxins is contained in 
the L chain of the holotoxin; the L chain is a zinc 
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(Zn++) endopeptidase which selectively cleaves proteins 
essential for recognition and docking of 
neurotransmitter-containing vesicles with the cytoplasmic 
surface of the plasma membrane, and fusion of the 

5 vesicles with the plasma membrane. Tetanus neurotoxin, 
botulinum toxin/B/D, /F, and/G cause degradation of 
synaptobrevin (also called vesicle-associated membrane 
protein (VAMP)}, a synaptosomal membrane protein. Most 
of the VAMP present at the cytosolic surface of the 

10 synaptic vesicle is removed as a result of any one of 
these cleavage events. Each toxin specifically cleaves a 
different bond. 

The molecular weight of the botulinum toxin protein 
molecule, for all seven of the known botulinum toxin 

15 serotypes, is about 150 kD . Interestingly, the botulinum 
toxins are released by Clostridial bacterium as complexes 
comprising the 150 kD botulinum toxin protein molecule 
along with associated non-toxin proteins. Thus, the 
BoNt/A complex can be produced by Clostridial bacterium 

20 as 900 kD, 500 kD and 300 kD forms. BoNT/ B and C x are 
apparently produced as only a 500 kD complex. BoNT/D is 
produced as both 3 00 kD and 500 kD complexes. Finally, 
BoNT/E and F are produced as only approximately 300 kD 
complexes. The complexes (i.e. molecular weight greater 

25 than about 150 kD) are believed to contain a non-toxin 
hemaglutinin protein and a non-toxin and non-toxic 
nonhemaglutinin protein. These two non-toxin proteins 
(which along with the botulinum toxin molecule comprise 
the relevant neurotoxin complex) may act to provide 

30 stability against denaturation to the botulinum toxin 
molecule and protection against digestive acids when 
toxin is ingested. Additionally, it is possible that the 
larger (greater than about 150 kD molecular weight) 
botulinum toxin complexes may result in a slower rate of 

35 diffusion of the botulinum toxin away from a site of 
intramuscular injection of a botulinum toxin complex. 
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In vitro studies have indicated that botulinum toxin 
inhibits potassium cation induced release of both 
acetylcholine and norepinephrine from primary cell 
cultures of brainstem tissue. Additionally, it has been 
5 reported that botulinum toxin inhibits the evoked release 
of both glycine and glutamate in primary cultures of 
spinal cord neurons and that in brain synaptosome 
preparations botulinum toxin inhibits the release of each 
of the neurotransmitters acetylcholine, dopamine, 
10 norepinephrine, CGRP and glutamate. 

BoNt/A can be obtained by establishing and growing 
cultures of Clostridium botulinum in a fermenter and then 
harvesting and purifying the fermented mixture in 
accordance with known procedures. All the botulinum 
15 toxin serotypes are initially synthesized as inactive 
single chain proteins which must be cleaved or nicked by 
proteases to become neuroactive. The bacterial strains 
that make botulinum toxin serotypes A and G possess 
endogenous proteases and serotypes A and G can therefore 
20 be recovered from bacterial cultures in predominantly 
their active form. In contrast, botulinum toxin 

serotypes C lf D and E are synthesized by nonproteolytic 
strains and are therefore typically unactivated when 
recovered from culture. Serotypes B and F are produced 
25 by both proteolytic and nonproteolytic strains and 
therefore can be recovered in either the active or 
inactive form. However, even the proteolytic strains 
that produce, for example, the BoNt/B serotype only 
cleave a portion of the toxin produced. The exact 
30 proportion of nicked to unnicked molecules depends on the 
length of incubation and the temperature of the culture. 
Therefore, a certain percentage of any preparation of, 
for example, the BoNt/B toxin is likely to be inactive, 
possibly accounting for the known significantly lower 
35 potency of BoNt/B as compared to BoNt/A. The presence of 
inactive botulinum toxin molecules in a clinical 
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preparation will contribute to the overall protein load 
of the preparation, which has been linked to increased 
antigenicity, without contributing to its clinical 
efficacy. Additionally, it is known that BoNt/B has, 
upon intramuscular injection, a shorter duration of 
activity and is also less potent than BoNt/A at the same 
dose level. 

It has been reported that BoNt/A has been used in 
clinical settings as follows: 

(1) about 75-125 units of BOTOX® 1 per intramuscular 
injection (multiple muscles) to treat cervical dystonia; 

(2) 5-10 units of BOTOX® per intramuscular 
injection to treat glabellar lines (brow furrows) (5 
units injected intramuscularly into the procerus muscle 
and 10 units injected intramuscularly into each 
corrugator supercilii muscle) ; 

(3) about 3 0-80 units of BOTOX® to treat 
constipation by intrasphincter injection of the 
puborectalis muscle; 

(4) about 1-5 units per muscle of intramuscularly 
injected BOTOX® to treat blepharospasm by injecting the 
lateral pre-tarsal orbicularis oculi muscle of the upper 
lid and the lateral pre-tarsal orbicularis oculi of the 
lower lid. 

(5) to treat strabismus, extraocular muscles have 
been injected intramuscularly with between about 1-5 
units of BOTOX®, the amount injected varying based upon 
both the size of the muscle to be injected and the extent 
of muscle paralysis desired (i.e. amount of diopter 
correction desired) . 

(6) to treat upper limb spasticity following stroke 
by intramuscular injections of BOTOX® into five different 
upper limb flexor muscles, as follows: 

(a) flexor digitorum profundus: 7.5 U to 30 U 
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(b) flexor digitorum sublimus: 7.5 U to 3 0 U 

(c) flexor carpi ulnaris: 10 U to 40 U 

(d) flexor carpi radialis: 15 U to 60 U 

(e) biceps brachii: 50 U to 200 U. Each of the 
5 five indicated muscles has been injected at the same 

treatment session, so that the subject receives from 90 U 
to 3 60 U of upper limb flexor muscle BOTOX® by- 
intramuscular injection at each treatment session. 

The success of BoNt/A to treat a variety of clinical 
10 conditions has led to interest in other botulinum toxin 
serotypes. A study of two commercially available BoNT/A 
preparations (BOTOX® and Dysport®) and preparations of 
BoNT/B and F (both obtained from Wako Chemicals, Japan) 
l A has been carried out to determine local muscle weakening 

15 efficacy, safety and antigenic potential. Botulinum 
ii| toxin preparations were injected into the head of the 

* A right gastrocnemius muscle (0.5 to 200.0 units/kg) and 

Tp muscle weakness was assessed using the mouse digit 

fU abduction scoring assay (DAS) . ED 50 values were 

L ; 20 calculated from dose response curves. Additional mice 

|* were given intramuscular injections to determine LD S0 

\ A doses. The therapeutic index was calculated as LD 50 /ED 50 . 

l4 Separate groups of mice received hind limb injections of 

rlj BOTOX® (5.0 to 10.0 units/kg) or BoNt/B (50.0 to 400.0 

25 units/kg) , and were tested for muscle weakness and 
increased water consumption, the later being a putative 
model for dry mouth. Antigenic potential was assessed by 
monthly intramuscular injections in rabbits (1.5 or 6.5 
ng/kg for BoNt/B or 0.15 ng/kg for BOTOX®). Peak muscle 
30 weakness and duration were dose related for all 
serotypes. DAS ED 50 values (units/kg) were as follows: 
BOTOX®: 6.7, Dysport® : 24.7, BoNt/B: 27.0 to 244.0, 
BoNT/F: 4.3. BOTOX® had a longer duration of action than 
BoNt/B or BoNt/F. Therapeutic index values were as 
35 follows: BOTOX®: 10.5, Dysport®: 6.3, BoNt/B: 3.2. Water 
consumption was greater in mice injected with BoNt/B than 
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with BOTOX®, although BoNt/B was less effective at 
weakening muscles. After four months of injections 2 of 
4 (where treated with 1 . 5 ng/kg) and 4 of 4 (where 
treated with 6.5 ng/kg) rabbits developed antibodies 
5 against BoNt/B. In a separate study, 0 of 9 BOTOX® 
treated rabbits demonstrated antibodies against BoNt/A. 
DAS results indicate relative peak potencies of BoNt/A 
being equal to BoNt/F, and BoNt/F being greater than 
BoNt/B. With regard to duration of effect, BoNt/A was 
10 greater than BoNt/B, and BoNt/B duration of effect was 
greater than BoNt/F. As shown by the therapeutic index 
values, the two commercial preparations of BoNt/A (BOTOX® 
and Dysport®) are different. The increased water 
i& consumption behavior observed following hind limb 

15 injection of BoNt/B indicates that clinically significant 
|S amounts of this serotype entered the murine systemic 

H circulation. The results also indicate that in order to 

if* achieve efficacy comparable to BoNt/A, it is necessary to 

Hi increase doses of the other serotypes examined. 

J** 20 Increased dosage can comprise safety. Furthermore, in 

"i& rabbits, serotype B was more antigenic than was BOTOX", 

:* possibly because of the higher protein load injected to 

□ achieve an effective dose of BoNt/B. 

IU The tetanus neurotoxin acts mainly in the central 

25 nervous system, while botulinum neurotoxin acts at the 
neuromuscular junction; both act by inhibiting 
acetylcholine release from the axon of the affected 
neuron into the synapse, resulting in paralysis. The 
effect of intoxication on the affected neuron is long- 
30 lasting and until recently has been thought to be 
irreversible. The tetanus neurotoxin is known to exist 
in one immunologically distinct serotype. 
Acetylcholine 

Typically only a single type of small molecule 
35 neurotransmitter is released by each type of neuron in 
the mammalian nervous system. The neurotransmitter 
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acetylcholine is secreted by neurons in many areas of the 
brain, but specifically by the large pyramidal cells of 
the motor cortex, by several different neurons in the 
basal ganglia, by the motor neurons that innervate the 
5 skeletal muscles, by the preganglionic neurons of the 
autonomic nervous system (both sympathetic and 
parasympathetic) , by the postganglionic neurons of the 
parasympathetic nervous system, and by some of the 
postganglionic neurons of the sympathetic nervous system. 
10 Essentially, only the postganglionic sympathetic nerve 
fibers to the sweat glands, the piloerector muscles and a 
few blood vessels are cholinergic and most of the 
postganglionic neurons of the sympathetic nervous system 
secret the neurotransmitter norepinephine . In most 
15 instances acetylcholine has an excitatory effect. 
However, acetylcholine is known to have inhibitory 
effects at some of the peripheral parasympathetic nerve 
endings, such as inhibition of the heart by the vagal 
nerve . 

20 The efferent signals of the autonomic nervous system 

are transmitted to the body through either the 
sympathetic nervous system or the parasympathetic nervous 
system. The preganglionic neurons of the sympathetic 
sU nervous system extend from preganglionic sympathetic 

25 neuron cell bodies located in the intermediolateral horn 
of the spinal cord. The preganglionic sympathetic nerve 
fibers, extending from the cell body, synapse with 
postganglionic neurons located in either a paravertebral 
sympathetic ganglion or in a prevertebral ganglion. 
30 Since, the preganglionic neurons of both the sympathetic 
and parasympathetic nervous system are cholinergic, 
application of acetylcholine to the ganglia will excite 
both sympathetic and parasympathetic postganglionic 
neurons . 

35 Acetylcholine activates two types of receptors, 

muscarinic and nicotinic receptors. The muscarinic 
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receptors are found in all effector cells stimulated by 
the postganglionic neurons of the parasympathetic nervous 
system, as well as in those stimulated by the 
postganglionic cholinergic neurons of the sympathetic 

5 nervous system. The nicotinic receptors are found in the 
synapses between the preganglionic and postganglionic 
neurons of both the sympathetic and parasympathetic. The 
nicotinic receptors are also present in many membranes of 
skeletal muscle fibers at the neuromuscular junction. 

10 Acetylcholine is released from cholinergic neurons 

when small, clear, intracellular vesicles fuse with the 
pre-synaptic neuronal cell membrane. A wide variety of 
non-neuronal secretory cells, such as, adrenal medulla 
(as well as the PC12 cell line) and pancreatic islet 

15 cells release catecholamines and insulin, respectively, 
from large dense-core vesicles. The PC12 cell line is a 
clone of rat pheochromocytoma cells extensively used as a 
tissue culture model for studies of sympathoadrenal 
development. Botulinum toxin inhibits the release of 

20 both types of compounds from both types of cells in 
vitro, permeabilized (as by electroporation) or by direct 
injection of the toxin into the denervated cell. 
Botulinum toxin is also known to block release of the 
neurotransmitter glutamate from cortical synaptosomes 

25 cell cultures. 

A neuromuscular junction is formed in skeletal 
muscle by the proximity of axons to muscle cells. A 
signal transmitted through the nervous system results in 
an action potential at the terminal axon, with activation 

30 of ion channels and resulting release of the 
neurotransmitter acetylcholine from intraneuronal 
synaptic vesicles, for example at the motor endplate of 
the neuromuscular junction. The acetylcholine crosses 
the extracellular space to bind with acetylcholine 

35 receptor proteins on the surface of the muscle end plate . 
Once sufficient binding has occurred, an action potential 
of the muscle cell causes specific membrane ion channel 
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changes, resulting in muscle cell contraction. The 
acetylcholine is then released from the muscle cells and 
metabolized by cholinesterases in the extracellular 
space. The metabolites are recycled back into the 

5 terminal axon for reprocessing into further 
acetylcholine . 

Botulinum toxin has been shown to be effective in 
treating a number of conditions. For example, botulinum 
toxin may alleviate hyperhidrosis for up to 11 months. 

10 Odderson, Dermatol Surg (1988) 24:1237-1241, discloses 

that intracutaneous injections of botulinum toxin type A 
to the sweating area of the skin reduces excessive 
sweating; and Bushara et al . , Clinical and Experimental 
i & Dermatology (1996) 21:276-278, disclose that subcutaneous 

*2 15 injections of botulinum toxin type A can selectively 

ill denervate the local sweat glands to produce an anhidrotic 

patch. 

lj= Skin gene therapy is an effective method to directly 

fU deliver and transiently express genes in the skin. 

JU 20 Several different delivery methods have been successfully 

M used in recent years. Three of these delivery methods 

f*! are needleless injection, topical gene delivery and 

r*i direct gene delivery by injection using a needle. 

fU In needleless injection delivery methods, 

25 microprojectile carrier particles may be coated with DNA 
encoding the desired gene and then discharged into the 
skin from an external delivery device. Depending on the 
discharge velocity and the distance from the injection 
site, the drug particles penetrate through the stratum 
30 corneum to different layers of the epidermis, dermis and 
underlying muscle. As the DNA-coated microproj ectiles 
penetrate through epidermal and dermal cells, or are 
deposited in these cells, DNA is released and the encoded 
genes can be expressed. The cells potentially targeted 
35 by these drug particles in the epidermis include, but are 
not limited to keratinocytes , melanocytes and Langerhans 
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cells. In the dermis fibroblasts, endothelial cells, 
adipocytes and dermal dendritic cells may be potential 
targets. If the microproj ectiles penetrate through the 
dermis, underlying muscle cells could be targeted. One 

5 important aspect of this mechanism of delivery is that 
the DNA is directly delivered into the cell by 
penetration. Therefore, the issue of skin cell's ability 
to uptake DNA is not relevant. This means that all skin 
cells exposed to the DNA coated microproj ectiles are 

10 potential targets. 

In topical gene delivery, DNA can be applied to the 
skin as either a liposomal -DNA mixture or as an uncoated 
DNA for epicutaneous transfer into the epidermis. 
Primarily epidermal cells would be targeted with this 

15 delivery method. However, other cells may be targeted 
with needles 

Gene delivery by injection with a needle is another 
method of gene delivery to the skin. With this method, 
the DNA is typically introduced directly into the dermis. 

20 Both epidermal and dermal cells have access to and can 
express the DNA. Electroinj ection and electroporation 
methods of delivery are modifications of the direct 
injection method where a needle is used. These two 
methods can result in a higher level of gene expression 

25 than conventional injection using a needle. After 
intradermal injection of the DNA, electric pulses are 
applied to the injected area by electrodes for improved 
cellular uptake. 

All these methods of gene delivery can be used for 

30 expression of botulinum toxin encoding DNA. 

Summary of the Invention 

The present invention provides new and improved 
methods for the injection of botulinum toxin into an 
35 animal or human subject. The present invention also 
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provides for methods for injecting botulinum toxin 
encoding DNA into an animal or human subject. 

In accordance with the present invention, there are 
provided methods for treating a condition in an animal or 
5 human subject other than hyperhydrosis by administering 
botulinum toxin. These conditions may comprise pain, 
skeletal muscle conditions, smooth muscle conditions and 
glandular conditions. Botulinum toxins are also used for 
cosmetic purposes. The methods may comprise a step of 
10 administering a Clostridium neurotoxin component to the 
subject using a needleless syringe. 

In one embodiment, the neurotoxin component is 
administered with a carrier, wherein the neurotoxin is 
la coated on the carrier. In another embodiment, the 

15 neurotoxin is mixed with the carrier. The carrier may 
m comprise a dense material, for example, gold, platinum, 

tungston or ice. 

Still further in accordance with the present 
ill invention, the condition treated may be spasmodic 

l H 20 dysphonia, laryngeal dystonia, oromandibular dysphonia, 

\a lingual dystonia, cervical dystonia, focal hand dystonia, 

lZ blepharospasm, strabismus, hemifacial spasm, eyelid 

A disorder, cerebral palsy, focal spasticity, spasmodic 

= U colitis, neurogenic bladder, anismus, limb spasticity, 

25 tics, tremors, bruxism, anal fissure, achalasia, 
fibromyalgia, dysphagia, lacrimation, hyperhydrosis, 
excessive salivation, excessive gastrointestinal 

secretions, excessive mucous secretion, pain from muscle 
spasms, headache pain, brow furrows and skin wrinkles. 
30 Still further in accordance with the present 

invention, the neurotoxin component may be administered 
to the skin. The skin may comprise an epidermis layer, a 
dermis layer and a hypodermis layer. 

In one embodiment, the neurotoxin component is 
35 administered to one or more layers of a skin where a 
nerve is located. 
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In another embodiment, the neurotoxin component is 
administered to a skin and substantially to a muscle 
tissue . 

In still another embodiment, the neurotoxin 
5 component is administered to a muscle tissue. 

Still further in accordance with the present 
invention, the neurotoxin component may be a difficile 
toxin, a butyricum toxin a tetani toxin or a botulinum 
toxin type A, B, C lt D, E, F, or G or a variant thereof. 
10 Still further in accordance with the present 

invention, the neurotoxin component may comprise a 
targeting component, a therapeutic component and a 
translocation component. 

In one embodiment, the targeting component binds to 
15 a cell, for example, a nerve cell. In one embodiment the 
targeting component binds to a pre -synaptic nerve 
terminal. The pre-synaptic nerve terminal may belong to 
ijS a cholinergic neuron. 

*U The targeting component may comprise, for example, a 

20 carboxyl end segment of a heavy chain of a butyricum 
1*5. toxin, a tetani toxin or a botulinum toxin type A, B, C 1# 

D, E, F, G or a variant thereof. 

In one embodiment, the therapeutic component 
substantially interferes with exocytosis from a cell, for 
25 example, interfering with the release of 

neurotransmitters from a neuron or its terminals. 

The therapeutic component may comprise, for example, 
a light chain of a butyricum toxin, a tetani toxin or a 
botulinum toxin type A, B, C lf D, E, F, G or a variant 
30 thereof . 

In one embodiment, the translocation component 
facilitates transfer of at least a part of the neurotoxin 
component into the cytoplasm of a target cell . 

The translocation component may comprise, for 
35 example, an amino end fragment of a heavy chain of a 
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butyricum toxin, a tetanti toxin or a botulinum toxin 
type A, B, C lt D, E, F, G or a variant thereof. 

The targeting component may comprise, for example, a 
carboxyl end fragment of a heavy chain of a botulinum 
5 toxin type A, the therapeutic component may comprise a 
light chain of a botulinum toxin type A and. the 
translocation component may comprise an amine end 
fragment of a heavy chain of botulinum toxin type A. 

Still further in accordance with the present 
10 invention, the neurotoxin component may be recombinantly 
produced . 

Still further in accordance with the present 
invention, are methods for expressing a recombinant DNA 
sequence encoding a Clostridium neurotoxin component in a 
15 cell of an animal in situ. The cell may be, for example, 

a skin cell, a muscle cell or a nerve cell. 

In one embodiment, the DNA is administered to the 
animal by injection. For example, the injection may be 
by needleless injection. 
20 Still further in accordance with the present 

invention, the DNA encoding neurotoxin component may be a 
difficile toxin, a butyricum toxin, a tetani toxin or a 
botulinum toxin type A, B, C 1( D, E, F, or G or a variant 
thereof . 

25 In one embodiment, the DNA encoding neurotoxin 

component comprises a targeting component, a therapeutic 

component and a translocation component. 

Still further in accordance with the present 

invention, the targeting component may bind to a cell, 
30 for example, a nerve cell. In one embodiment, the 

targeting component binds to a pre -synaptic nerve 

terminal. The pre-synaptic nerve terminal may belong to 

a cholinergic neuron. 

Still further in accordance with the present 
35 invention, the targeting component may comprise a 

carboxyl end segment of a heavy chain of a butyricum 
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toxin, a tetani toxin or a botulinum toxin type A, B, C lt 
D, E, F, G or a variant thereof. 

Still further in accordance with the present 
invention, the therapeutic component may substantially 
5 interfere with exocytosis from a cell, for example, 
interfering with the release of neurotransmitters from a 
neuron or its terminals. 

The therapeutic component may comprise, for example, 
a light chain of a butyricum toxin, a tetani toxin or a 
10 botulinum toxin type A, B, C lf D, E, F, Gora variant 
thereof . 

Still further in accordance with the present 
invention, the translocation component may facilitate 
transfer of at least a part of the neurotoxin component 

15 into the cytoplasm of a target cell. 

The translocation component may comprise, for 
example, an amino end fragment of a heavy chain of a 
butyricum toxin, a tetnus toxin or a botulinum toxin type 
A, B, C 1# D, E, F, G or a variant thereof. 

20 In one embodiment, the targeting component comprises 

a carboxyl end fragment of a heavy chain of a botulinum 
toxin type A, the therapeutic component comprises a light 
chain of a botulinum toxin type A, and the translocation 
component comprises an amine end fragment of a heavy 

25 chain of botulinum toxin type A. 

Still further in accordance with the present 
invention, the neurotoxin component may be recombinant ly 
produced. 

Still further in accordance with the present 
30 invention, are compositions that may comprise a carrier 
and a Clostridial neurotoxin component, the composition 
may be useful for delivery of said neurotoxin component 
to a cell of an animal in situ. 

The carrier may be a dense, preferably solid and/or 
35 metallic, material for example gold, tungsten, platinum 
or ice crystal . 
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Still further in accordance with the present 
invention, the neurotoxin component may be a difficile 
toxin, a butyricum toxin a tetani toxin or a botulinum 
toxin type A, B, C 1# D, E, F, or G or a variant thereof. 
5 Still further in accordance with the present 

invention, the neurotoxin component comprises a targeting 
component, a therapeutic component and a translocation 
component . 

Still further in accordance with the present 

10 invention, the targeting component may bind to a cell, 
for example, a nerve cell. In one embodiment, the 
targeting component binds to pre-synaptic nerve terminal. 
The pre-synaptic nerve terminal may belong to a 
cholinergic neuron. 

15 Still further in accordance with the present 

invention, the targeting component may comprise a 
carboxyl end segment of a heavy chain of a butyricum 
toxin, a tetani toxin or a botulinum toxin type A, B, C^, 
D, E, F, G or a variant thereof. 

20 In one embodiment, the therapeutic component 

substantially interferes with exocytosis from a cell, for 
example, interfering with the release of 

neurotransmitters from a neuron or its terminals. 

The therapeutic component may comprise, for example, 

25 a light chain of a butyricum toxin, a tetani toxin or a 
botulinum toxin type A, B, C lf D, E, F, G or a variant 
thereof . 

Still further in accordance with the present 
invention, the translocation component may facilitate 
30 transfer of at least a part of the neurotoxin component 
into the cytoplasm of a target cell . 

The translocation component may comprise, for 
example, an amino end fragment of a heavy chain of a 
butyricum toxin, a tetanti toxin or a botulinum toxin 
35 type A, B, C x , D, E, F, G or a variant thereof. 
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In one embodiment, the targeting component comprises 
a carboxyl end fragment of a heavy chain of a botulinum 
toxin type A, the therapeutic component comprises a light 
chain of a botulinum toxin type A, and the translocation 

5 component comprises an amine end fragment of a heavy 
chain of botulinum toxin type A. 

Still further in accordance with the present 
invention, is a method to treat a condition in a subject 
comprising administering a therapeutically effective 

10 amount of DNA encoding a Clostridial neurotoxin component 
to a cell of an animal, for example, a human subject in 
situ. The cell may be, for example, a skin cell, a 
muscle cell or a nerve cell . 

In one embodiment, the DNA is administered to the 

15 subject by injection. For example, the injection may be 
by needleless injection. 

Still further in accordance with the present 
invention, the condition may comprise pain, skeletal 
muscle conditions, smooth muscle conditions and/or 

20 glandular conditions. In addition, DNA encoding a 

Clostridial neurotoxin may be administered to a subject 
for cosmetic purposes. For example, the condition may be 
spasmodic dysphonia, laryngeal dystonia, oromandibular 
dysphonia, lingual dystonia, cervical dystonia, focal 

25 hand dystonia, blepharospasm, strabismus, hemifacial 
spasm, eyelid disorder, cerebral palsy, focal spasticity, 
spasmodic colitis, neurogenic bladder, anismus, limb 
spasticity, tics, tremors, bruxism, anal fissure, 
achalasia, fibromyalgia, dysphagia, lacrimation, 

30 hyperhydrosis, excessive salivation, excessive 

gastrointestinal secretions, excessive mucous secretion, 
pain from muscle spasms, headache pain, brow furrows and 
skin wrinkles. 

Still further in accordance with the present 

35 invention, are methods for immunization which include 
administering an effective amount of DNA encoding a 
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Clostridial neurotoxin component to a tissue, for 
example, the skin, of a subject. The administering may- 
be by injection, for example, by needleless injection. 

Still further in accordance with the present 
5 invention, are compositions comprising a carrier and a 
DNA sequence encoding a Clostridial neurotoxin which may 
be useful for delivery of the DNA to a cell of a an 
animal or human subject in situ. 

Still further in accordance with the present 
10 invention, the DNA encoding a neurotoxin may encode, for 
example, botulinum type A, B, C x , D, E, F, G or mixtures 
thereof or combinations thereof . 

Any and all features described herein and 
combinations of such features are included within the 
0 15 scope of the invention provided that such features of any 

;% such combination are not mutually exclusive. 

\* These and other aspects and advantages of the 

s ^ present invention are apparent in the following detailed 

fy description and claims. 
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Before proceeding to describe the present invention, 
the following definitions are provided and apply herein. 

"Affected skin area" means an area which may be in 
25 the vicinity of the area to be treated by needleless 
injection, for example, an area of skin at or near an 
area of skin with excessive sweating. 

"Drug particle" means a drug, for example, a 
neurotoxin or, for example, a DNA sequence encoding a 
30 neurotoxin, alone, or in combination with one or more 
other substances, for example, gold. 

"Without using a needle" or "needleless injection" 
means injecting a measurable amount of substance, for 
example, a carrier coated with a botulinum toxin without 
35 the use of a standard needle. 
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"Heavy chain" means the heavy chain of a Clostridial 
neurotoxin. It preferably has a molecular weight of 
about 10 0 kDa and may be referred to herein as H chain or 
as H. 

5 "H N " means a fragment (preferably having a molecular 

weight of about 50 kDa) derived from the H chain of a 
Clostridial neurotoxin which is approximately equivalent 
to the amino terminal segment of the H chain, or the 
portion corresponding to that fragment in the intact in 

10 the H chain. It is believed to contain the portion of 
the natural or wild type Clostridial neurotoxin involved 
in the translocation of the L chain across an 
intracellular endosomal membrane. 

"H c " means a fragment (about 50 kDa) derived from 

15 the H chain of a Clostridial neurotoxin which is 
approximately equivalent to the carboxyl terminal segment 
of the H chain, or the portion corresponding to that 
fragment in the intact H chain. It is believed to be 
immunogenic and to contain the portion of the natural or 

20 wild type Clostridial neurotoxin involved in high 
affinity, pre-synaptic binding to motor neurons. 

"Light chain" means the light chain of a Clostridial 
neurotoxin. It preferably has a molecular weight of 
about 50 kDa, and can be referred to as L chain, L or as 

25 the proteolytic domain (amino acid sequence) of a 
Clostridial neurotoxin. The light chain is believed to 
be effective as an inhibitor of neurotransmitter release 
when it is released into a cytoplasm of a target cell. 

"Neurotoxin" means a chemical entity that is capable 

30 of interfering with the functions of a neuron. For 
example, a neurotoxin may interfere with the transmission 
of an electrical signal from a nerve cell to its target. 
The target may be, for example, another nerve cell, a 
tissue or an organ. The "neurotoxin" may be naturally 

35 occurring or other. 
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"Variant" means a chemical entity which is slightly 
different from a parent chemical entity but which still 
has a biological effect similar, or substantially similar 
to the biological effect of the chemical entity. The 
biological effect of the variant may be substantially the 
same or better than that of the parent. For example, a 
variant neurotoxin component may have one or more amino 
acid substitutions, amino acid modifications, amino acid 
deletions and/or amino acid additions. An amino acid 
substitution may be conservative or non- conservative , as 
is well understood in the art. In addition, variants of 
neurotoxin components may include neurotoxin components 
that have modified amino acid side chains, as is well 
known in the art. Variants may also include fragments. 

An example of a variant neurotoxin component may 
comprise a variant light chain of a botulinum toxin 
having one or more amino acids substituted, modified, 
deleted and/or added. This variant light chain may have 
the same or better ability to prevent exocytosis, for 
example, the release of neurotransmitter vesicles. 
Additionally, the biological effect of a variant may be 
decreased compared to the parent chemical entity. For 
example, a variant light chain of a botulinum toxin type 
A having an amino acid sequence removed may have a 
shorter biological persistence than that of the parent 
(or native) botulinum toxin type A light chain. 

"Fragment" means an amino acid or nucleotide 
sequence that comprises 1% or more of the parent amino 
acid or nucleotide sequence. For example, a fragment of 
botulinum toxin type A comprises 1% or more of the amino 
acid sequence of botulinum type A. 

Detailed Description of the Invention 

Methods for administering neurotoxins, and DNA 
encoding neurotoxins, to animals, for example, humans are 
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disclosed herein. In one broad embodiment, methods for 
administering neurotoxins include a step of administering 
a neurotoxin without using a needle. In another broad 
embodiment, there are provided methods of administering a 
DNA nucleotide sequence which encodes a neurotoxin to an 
animal or human subject. 

Using these methods of administration, botulinum 
toxin can be used to treat a variety of conditions that 
are benefited by botulinum toxin treatment. For example, 
spasmodic dysphonia, laryngeal dystonia, oromandibular 
dysphonia, lingual dystonia, cervical dystonia, focal 
hand dystonia, blepharospasm, strabismus, hemifacial 
spasm, eyelid disorder, cerebral palsy, focal spasticity, 
spasmodic colitis, neurogenic bladder, anismus, limb 
spasticity, tics, tremors, bruxism, anal fissure, 
achalasia, fibromyalgia, dysphagia, lacrimation, 
hyperhydrosis, excessive salivation, excessive 

gastrointestinal secretions, as well as other secretory 
disorders, pain from muscle spasms, headache pain, brow 
furrows and skin wrinkles and other muscle tone 
disorders, and other disorders, characterized by 
involuntary movements of muscle groups may be treated 
using the present methods of administration. Further, 
the methods of administration of the present invention 
are useful for immunization against a neurotoxin. 

The skin has two distinct layers and varies in 
thickness from about 1 . 5 to about 4 mm or more, depending 
on the regions of the body. The first layer is the 
superficial layer called the epidermis. It is a 

relatively thick epithelium. Deep to the epidermis is 
the second layer called the dermis. The dermis is a 
fibrous connective tissue and comprises sweat glands and 
nerves, or nerve terminals, innervating such sweat 
glands . 

Just below the skin lies a fatty layer called the 
hypodermis, which may also be considered a part of a 
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subcutaneous layer. Beneath the hypodermis or 

subcutaneous layer lies the deep fascial investment of 
the specialized structures of the body, for example the 
muscles . 

5 Accordingly, the method of this invention delivers a 

neurotoxin, or DNA encoding a neurotoxin, to a tissue of 
an animal or a human subject. In one embodiment, the 
drug is delivered to the layer of the skin in which nerve 
terminals are found. For example, delivery is to the 
10 dermis layer. In another embodiment, delivery is to at 
least one layer of the skin and substantially to tissues 
beneath. For example, the administration to the dermis 
layer of the skin and to the subcutaneous layer. In 
i& another embodiment, delivery is to the skin and to muscle 

15 tissues beneath. In still another embodiment, delivery 
lp is substantially to the muscle tissue. 

h- The administration of a composition comprising a 

Jlji carrier and a neurotoxin component and/or DNA encoding a 

jrfj neurotoxin component according to the invention may be 

jLs, 20 accomplished through the use of a needleless injector. 

Needleless injectors and their use are well known in the 
art. For example, Bellhouse et al . in U.S. Patent Nos . 
fi 6,053,889 ('889), 6,013,050 ('050), 6,010,478 ('478), 

fU 6,004,286 ('286) and 5,899,880 ('880) disclose novel 

25 needleless injectors. The disclosures therein are 

incorporated in their entirety by reference herein. In 
one embodiment, the needleless injector comprises an 
elongated tubular nozzle and is connected to or capable 
of connection to a suitable energizing means for 
30 producing a supersonic gas flow, for example a burst of 
helium, which accelerates mediums to high velocity toward 
a skin surface and into the skin surface. Such a device 
may be purchased from PowderJect Pharmaceuticals, Oxford, 
UK. In one embodiment, the gas pressure provided must be 
35 sufficient to discharge the compositions into a targeted 
site, for example the dermis, but not so great as to 
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damage the target . In another embodiment , the gas 
pressure provided is sufficient to deliver the 
compositions to a target site, for example the dermis, 
but not so great as to damage the skin surface, for 
5 example the epithelium. In another embodiment, the gas 
pressure is sufficient to deliver the compositions to the 
dermis layer, but not to the layers below, for example 
the subcutaneous layer and/or the muscle tissues. In 
another embodiment, the gas pressure provided must be 

10 sufficient to discharge the drug particles into a 
targeted site, for example the dermis and/or 
substantially to the muscle tissue below, but not so 
great as to damage the skin surface . 

Advantages for using a needleless injector according 

15 to the present invention include, for example, an optimal 
delivery to a specific tissue layer, for example the 
dermis layer. Furthermore, in the case where the 
delivery is to the dermis and not the muscle tissues, the 
treatment may not cause a loss of motor function in the 

20 area being treated. Also, the use of a needleless 
injector according to the present invention improves 
clinical safety by eliminating the risk of infection from 
accidental injury with needles or from potential splash 
back of bodily fluids from liquid jet injectors, thereby 

25 avoiding the possibilities of cross-contamination of 
blood-borne pathogens such as HIV and hepatitis B. The 
needleless injector, such as the Powder Ject System, also 
offers an optimal and specific delivery of drug particles 
to treat conditions with little pain or skin damage such 

30 as bruising or bleeding. 

A drug particle may comprise a neurotoxin component 
and a carrier component . The neurotoxin may include a 
targeting component, a therapeutic component and a 
translocation component. The targeting component may 

35 bind to a pre-synaptic nerve terminal, for example a pre- 
synaptic nerve terminal of a cholinergic neuron. For 
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example, the targeting component may include a carboxyl 
end segment of a heavy chain of a butyricum toxin, a 
tetani toxin, a botulimum toxin type A, B, C 1# D, E, F, 
G, or a variant thereof. In a preferred embodiment, the 
5 targeting component comprises a carboxyl end segment of a 
heavy chain of a botulinum toxin type A. 

The therapeutic component may substantially 
interfere with exocytosis from a cell, for example, 
interfering with the release of neurotransmitters from a 
10 neuron or its terminals. For example, the therapeutic 
component may include a light chain of a butyricum toxin, 
a tetani toxin, a botulimum toxin type A, B, C x/ D, E, F, 
G, or a variant thereof. In a preferred embodiment, the 
therapeutic component comprises a light chain of a 
15 botulinum toxin type A. 

The translocation component may facilitate the 
transfer of at least a part of the neurotoxin into the 
cytoplasm of the target cell. For example, the 

translocation component may include an amino end fragment 
20 of a heavy chain of a butyricum toxin, a tetani toxin, a 
botulimum toxin type A, B, C lf D, E, F, G or a variant 
thereof. In a preferred embodiment, the translocation 
component comprises an amino end fragment of a heavy 
chain of a botulinum toxin type A. 

rjj 25 In one embodiment, the targeting component comprises 

ill a carboxyl end fragment of a heavy chain of a botulinum 

toxin type A, the therapeutic component comprises a light 
chain of a botulinum toxin type A and the translocation 
component comprises an amine end fragment of a heavy 
30 chain of a botulinum toxin type A. In a preferred 
embodiment, the neurotoxin of the present invention 
comprises a botulinum toxin type A. For example, very 
useful botulinum toxin type A may be obtained from 
Allergan, Inc., under the trade name BOTOX®. 
35 In another broad aspect of this invention, 

recombinant techniques are used to produce at least one 
of the components of the neurotoxins . The technique 
includes steps of obtaining DNA sequences which encode at 
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least one of the neurotoxin components, for example the 
therapeutic component, translocation component and/or 
targeting component. The DNA encoding the neurotoxin is 
inserted into an expression vector with compatible 
cohesive end terminals that will allow for the annealing 
and subsequent ligation of the neurotoxin encoding DNA 
insert. After ligation the recombinant DNA molecules are 
transformed into a host cell such as E. coli. 

Trans formants are screened for by, for example, blue- 
white screening, as is known in the art. After 
identification of a recombinant vector containing the 
appropriate insert by for example, restriction digest 
analysis and/or nucleotide sequence analysis, the 
recombinant neurotoxin is expressed using either a 
constituitive or inducible promoter depending on the type 
of expression vector used. The recombinant protein 
produced by the expression system can be isolated using 
conventional techniques. For example, if an expression 
vector which produces a polyhis-f actor Xa fusion protein 
is used, the protein can be first isolated on a metal 
containing column, such as a nickel, and then cleaved 
with factor Xa to release the neurotoxin molecule. Many 
variations for producing neurotoxins by recombinant 
methodologies exist and are familiar to those skilled in 
the art. For example, yeast, mammalian or insect cell 
systems may be used to produce recombinant neurotoxin 
proteins . 

The recombinant protein may comprise all three 
components of the neurotoxin. For example, the protein 
expressed may include a light chain of botulinum toxin 
type E (the therapeutic component) , a heavy chain, 
preferably the H N , of a botulinum toxin type B (the 
translocation component) , and an H c of botulinum toxin 
type A, which selectively binds to the motor neurons. In 
one embodiment, the protein expressed may include less 
than all three components of the neurotoxin. In such 
case, the components may be chemically joined using 
techniques known in the art . 
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There are many advantages to producing these 
neurotoxins recombinant ly. For example, production of 
neurotoxin from anaerobic Clostridium cultures is a 
cumbersome and time-consuming process including a multi- 

5 step purification protocol involving several protein 
precipitation steps and either prolonged and repeated 
crystallization of the toxin or several stages of column 
chromatography. Significantly, the high toxicity of the 
product dictates that the procedure must be performed 

10 under strict containment (BL-3) . During the fermentation 
process, the folded single-chain neurotoxins are 
activated by endogenous Clostridial proteases through a 
process termed nicking. This involves the removal of 
approximately 10 amino acid residues from the single - 

15 chain to create the di-chain form in which the two chains 

12 remain covalently linked through the intrachain disulfide 

1% bond. 

; = 

IP 

; : ; The nicked neurotoxin is much more active than the 

iQ unnicked form. The amount and precise location of 

20 nicking varies with the serotypes of the bacteria 
producing the toxin. The differences in single-chain 

13 neurotoxin activation and, hence, the yield of nicked 
12 toxin, are due to variations in the type and amounts of 

proteolytic activity produced by a given strain. For 
25 example, greater than 99% of Clostridial botulinum type A 

single-chain neurotoxin is activated by the Hall A 
Clostridial botulinum strain, whereas type B and E 

strains produce toxins with lower amounts of activation 
(0 to 75% depending upon the fermentation time) . Thus, 
30 the high toxicity of the mature neurotoxin plays a major 
part in the commercial manufacture of neurotoxins as 
therapeutic neurotoxins. 

The degree of activation of engineered Clostridial 
toxins is, therefore, an important consideration for 
35 manufacture of these materials. It would be a major 
advantage if neurotoxins such as botulinum toxin and 
tetanus toxin could be expressed, recombinant ly, in high 
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yield in rapidly-growing bacteria (such as heterologous 
E. coli cells) as relatively non-toxic single-chains (or 

single chains having reduced toxic activity) which are 
safe, easy to isolate and simple to convert to the fully- 
5 active form. 

With safety being a prime concern, previous work has 
concentrated on the expression in E. coli and 

purification of individual H and L chains of tetanus and 
botulinum toxins; these isolated chains are, by 

10 themselves, non-toxic; see Li et al . , Biochemistry 
33:7014-7020 (1994); Zhou et al . , Biochemistry 34:15175- 
15181 (1995) , hereby incorporated by reference herein. 
Following the separate production of these peptide chains 
and under strictly controlled conditions the H and L 

15 subunits can be combined by oxidative disulphide linkage 
to form the neuroparalytic di-chains. 

In another embodiment, a DNA nucleotide sequence 
encoding a neurotoxin is injected into an animal or human 
subject. For example, the DNA nucleotide sequence may be 

20 that of botulinum toxin type A (SEQ. ID. #1) , type B 
(SEQ. ID. #2 and #3), type C t (SEQ. ID #4), type D (SEQ. 
ID. #5), type E (SEQ. ID. #6 and #7), type F (SEQ. ID. 
#8) and type G (SEQ. ID. #9) , variants thereof or 
fragments thereof. In one embodiment, the injected DNA 

25 nucleotide sequence encodes a Clostridial toxin or a 
variant of a Clostridial toxin. In one embodiment the 
nucleotide sequence encodes a botulimum toxin type A. In 
another embodiment the DNA nucleotide sequence encodes a 
fragment of a neurotoxin. For example, the DNA sequence 

30 may encode a therapeutic component, for example, a light 
chain of a botulinum toxin. 

Injection of the DNA nucleotide sequence may be, for 
example, to treat a condition in an animal, for example a 
human. Injection of a DNA nucleotide sequence encoding a 
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Clostridial toxin may also be used to immunize an animal 
or human sub j ect . 

Injection of the DNA nucleotide sequence may also be 
used for research purposes. For example, these methods 
5 may be used to examine the expression of Clostridial 
genes inside an animal cell in situ. Also, for example, 
activity of a neurotoxin inside of an animal cell in situ 

may be studied using these methods. 

A neurotoxin or DNA sequence encoding a neurotoxin 
10 may be injected alone, or in combination with other drugs 
and/or agents. In either case, the neurotoxin or DNA 
sequence encoding a neurotoxin may be prepared as 
pharmaceutical compositions. The composition may contain 
one or more added materials such as carriers and/or 
l& 15 excipients. As used herein, "carriers" and "excipients" 

\* generally refer to substantially inert, non- toxic 

il* materials that do not deleteriously interact with other 

i* components of the composition. These materials may be 

a*. 

^» used to increase the amount of solids in particulate 

Iff 

20 pharmaceutical compositions, such as to form a powder of 

iU 

= drug particles suitable for use with a needleless 

13 injector. Examples of suitable carriers include water, 

silicone, gelatin, waxes, and the like. Although a naked 
DNA nucleotide sequence may be injected in accordance 
13 25 with this invention, it is preferable that the injected 

=™ DNA be accompanied by a carrier, for example See Feigner 

et al , U.S. Patent 5,459,127, the disclosure of which is 
incorporated in its entirety herein by reference. 

Other suitable carriers include any high density, 
30 biologically inert materials. For example, tungsten, 
platinum, iridium gold and/or ice crystal may be employed 
as carriers. In one embodiment, the carrier is less than 
about 10 mm, more preferably less than about 5 mm, even 
more preferably less than about 3 mm. High density 
35 carriers of such size may readily enter living cells 
without unduly injuring such cells. In one embodiment, a 
drug particle comprises a neurotoxin, for example 
botulinum toxin type A, and a carrier, for example a high 
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density material of less than 5 mm, wherein the 
neurotoxin protein is coated onto the high density 
carrier using techniques commonly known in the art. Ice 
crystals and gold are preferred carriers of this 

5 invention. Ice crystal particles are readily available 
in average sizes of 0.5 to 2.0 mm in diameter and are 
thus suited for intracellular delivery. Gold is also a 
preferred carrier, since gold has a high density and is 
relatively inert to biological materials and resists 

10 oxidation. Moreover, gold is readily available in the 
form of spheres having an average diameter of from about 
0.2 to about 3 mm. In one embodiment, neurotoxin is 
coated onto ice crystal and/or gold carriers to form drug 
particles. In another embodiment, botulinum toxin type A 

15 is coated onto ice crystals and/or gold carriers to form 
drug particles to be used in accordance with this 
invention . 

Examples of normally employed "excipients, 11 include 
pharmaceutical grades of mannitol, sorbitol, inositol, 

20 dextrose, sucrose, lactose, trehalose, dextran, starch, 
cellulose, sodium or calcium phosphates, calcium sulfate, 
citric acid, tartaric acid, glycine, high molecular 
weight polyethylene glycols (PEG) , and the like and 
combinations thereof. In one embodiment, the excipient 

25 may also include a charged lipid and/or detergent in the 
pharmaceutical compositions. Suitable charged lipids 
include, without limitation, phosphatidylcholines 
(lecithin), and the like. Detergents will typically be a 
nonionic, anionic, cat ionic or amphoteric surfactant. 

30 Examples of suitable surfactants include, for example, 
Tergitol® and Triton® surfactants (Union Carbide 
Chemicals and Plastics, Danbury, Conn.), 

polyoxyethylenesorbitans , for example, TWEEN® surfactants 
(Atlas Chemical Industries, Wilmington, Del.), 

35 polyoxyethylene ethers, for example, Brij®, 

pharmaceutical^ acceptable fatty acid esters, for 
example, lauryl sulfate and salts thereof (SDS) , and the 
like. Such materials may be used as stabilizers and/or 
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ant i -oxidants . Additionally, they may be used to reduce 
local irritation at the site of administration. 

In one broad embodiment, the step of administering a 
neurotoxin or DNA sequence encoding a neurotoxin 

5 according to the present invention may include other 
steps. These other steps may be carried out before, in 
conjunction with, and/or after the step of administering 
the drug particle according to the invention. In one 
embodiment, these other steps may include applying 

10 topical medications, for example aluminum chloride; 
applying an iontophoresis procedure; and/or administering 
anticholinergics orally or systemically . 

The following examples demonstrate how various 
conditions may be treated according to the present 
15 invention. Although particular doses are described, the 
dose administered can vary widely according to the 
severity of the condition and other various subject 
variables including size, weight, age, and responsiveness 
to therapy . 

20 The examples also show how a neurotoxin or 

components thereof may be recombinant ly synthesized and 
reconstituted. The examples relating to recombinant 
synthesis are substantially similar to the Examples of 
International Patent Applicaton Publication WO 95/32738, 

25 the disclosure of which is incorporated in its entirety 
herein by reference. 

Example 1 

Treatment of Post Surgical Myofacial Pain Syndrome 

30 An unfortunate 3 6 year old woman has a 15 year 

history of temporomandibular joint disease and chronic 
pain along the masseter and temporalis muscles. Fifteen 
years prior to evaluation she noted increased immobility 
of the jaw associated with pain and jaw opening and 

35 closing and tenderness along each side of her face. The 
left side is originally thought to be worse than the 
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right. She is diagnosed as having temporomandibular 
joint (TMJ) dysfunction with subluxation of the joint and 
is treated with surgical orthoplasty meniscusectomy and 
condyle resection. 

5 She continues to have difficulty with opening and 

closing her jaw after the surgical procedures and for 
this reason, several years later, a surgical procedure to 
replace prosthetic joints on both sides is performed. 
After the surgical procedure, progressive spasms and 

10 deviation of the jaw ensues. Further surgical revision 
is performed subsequent to the original operation to 
correct prosthetic joint loosening. The jaw continues to 
exhibit considerable pain and immobility after these 
surgical procedures. The TMJ remained tender as well as 

15 the muscle itself. There are tender points over the 
temporomandibular joint as well as increased tone in the 
entire muscle. She is diagnosed as having post-surgical 
myofascial pain syndrome and is treated with a needleless 
injection of 2 0 U of botulinum type A neurotoxin into the 

20 skin covering the masseter and temporalis muscles. 

Several days after the injections she noted 
substantial improvement in her pain and reports that her 
jaw feels looser. This gradually improves over a 2 to 3 
week period in which she notes increased ability to open 

25 the jaw and diminishing pain. The patient states that 
the pain is better than at any time in the last 4 years. 
The improved condition persists for up to 2 7 months after 
the original injection of the modified neurotoxin. 

30 Example 2 

Peripheral Administration of a Modified Neurotoxin to 
Treat "Shoulder -Hand Syndrome" 

Pain in the shoulder, arm, and hand can develop, 
with muscular dystrophy, osteoporosis, and fixation of 
35 joints. While most common after coronary insufficiency, 
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this syndrome may occur with cervical osteoarthritis or 
localized shoulder disease, or after any prolonged 
illness that requires the patient to remain in bed. 

A 46 year old woman presents a shoulder-hand 
5 syndrome type pain. The pain is particularly localized 
at the deltoid region. The patient is treated by a 
needleless injection of between about 0.05 U/kg to about 
2 U/kg of a modified neurotoxin cutaneously to the 
shoulder, preferably the neurotoxin is botulinum type A. 
10 The particular dose as well as the frequency of 
administrations depends upon a variety of factors within 
the skill of the treating physician, as previously set 
forth. Within 1-7 days after modified neurotoxin 
administration the patient's pain is substantially 
15 alleviated. The duration of the pain alleviation is from 
about 7 to about 2 7 months. 

Example 3 

Peripheral Administration of a Modified Neurotoxin to 
20 Treat Postherpetic Neuralgia 

Postherpetic neuralgia is one of the most 
intractable of chronic pain problems. Patients suffering 
this excruciatingly painful process often are elderly, 
have debilitating disease, and are not suitable for major 

25 interventional procedures. The diagnosis is readily made 
by the appearance of the healed lesions of herpes and by 
the patient's history. The pain is intense and 

emotionally distressing. Postherpetic neuralgia may 
occur any where, but is most often in the thorax. 

30 A 76 year old man presents a postherpetic type pain. 

The pain is localized to the abdomen region. The 
patient is treated by a needleless injection of between 
about 0.05 U/kg to about 2 U/kg of a modified neurotoxin 
intradermally to the abdomen, preferably the modified 
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neurotoxin is BoNT/E fused with a leucine-based motif. 
The particular dose as well as the frequency of 
administrations depends upon a variety of factors within 
the skill of the treating physician, as previously set 
forth. Within 1-7 days after modified neurotoxin 

administration the patient's pain is substantially 
alleviated. The duration of the pain alleviation is from 
about 7 to about 27 months. 



Example 4 

Peripheral Administration of a Modified Neurotoxin to 
Treat Inflammatory Pain 

A patient, age 45, presents an inflammatory pain in 
the chest region. The patient is treated by a needleless 
injection of between about 0.05 U/kg to about 2 U/kg of a 
botulinum neurotoxin type A intramuscularly to the chest. 
The particular dose as well as the frequency of 
administrations depends upon a variety of factors within 
the skill of the treating physician, as previously set 
forth. Within 1-7 days after modified neurotoxin 

administration the patient's pain is substantially 
alleviated. The duration of the pain alleviation is from 
about 7 to about 27 months. 



Example 5 

Local Administration of a Neurotoxin to Treat Pain Caused 

by Bone Fractures 

A patient, age 40, suffering from cervical 
dystonia is treated by an needleless injection of a 
neurotoxin, preferably botulinum toxin type A, at the 
effected area of the spine. The amount of neurotoxin 
injected is between about 2 0 U to about 50 0 U. The 
particular dose as well as the frequency of 
administrations depends upon a variety of factors within 



34 



D-2933CIP 

the skill of the treating physician, as previously set 
forth. Within 1-7 days after administration the 

patient's pain is substantially alleviated. The duration 
of pain reduction is from about 2 to about 7 months . 

5 

Example 6 

Treatment of Pain Associated with Muscle Disorder 

An unfortunate 3 6 year old woman has a 15 year 
history of temporomandibular joint disease and chronic 

10 pain along the masseter and temporalis muscles. Fifteen 
years prior to evaluation she noted increased immobility 
of the jaw associated with pain and jaw opening and 
closing and tenderness along each side of her face. The 
left side is originally thought to be worse than the 

15 right. She is diagnosed as having temporomandibular 
joint (TMJ) dysfunction with subluxation of the joint and 
is treated with surgical orthoplasty meniscusectomy and 
condyle resection. 

She continues to have difficulty with opening and 
20 closing her jaw after the surgical procedures and for 
this reason, several years later, a surgical procedure to 
replace prosthetic joints on both sides is performed. 
After the surgical procedure progressive spasms and 
deviation of the jaw ensues. Further surgical revision 
25 is performed subsequent to the original operation to 
correct prosthetic joint loosening. The jaw continues to 
exhibit considerable pain and immobility after these 
surgical procedures. The TMJ remained tender as well as 
the muscle itself. There are tender points over the 
30 temporomandibular joint as well as increased tone in the 
entire muscle. She is diagnosed as having post-surgical 
myofascial pain syndrome and is treated with a needleless 
injection of 15 U of botulinum toxin type A into the 
masseter and temporalis muscles. 
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Several days after the injections she noted 
substantial improvement in her pain and reports that her 
jaw feels looser. This gradually improves over a 2 to 3 
week period in which she notes increased ability to open 
5 the jaw and diminishing pain. The patient states that 
the pain is better than at any time in the last 4 years. 
The improved condition persists for up to 27 months after 
the original injection of the modified neurotoxin. 

10 Example 7 

Treatment of Pain Subsequent to Spinal Cord Injury 

A patient, age 39, experiencing pain spasticity of 
the right side bicep muscle is treated by needleless 
injection withabout 1.0 U/kg of the modified neurotoxin, 
preferably the modified neurotoxin is botulinum toxin 
type A. The particular toxin dose and site of injection, 
as well as the frequency of toxin administrations depend 
upon a variety of factors within the skill of the 
treating physician, as previously set forth. Within 
about 1 to about 7 days after the modified neurotoxin 
administration, the patient's muscle spasms are 
substantially reduced. The spasm alleviation persists 
for up to 2 7 months. 

25 Example 8 

Peripheral Administration of a Modified Neurotoxin to 
Treat "Shoulder -Hand Syndrome" 

A 46 year old woman presents a shoulder-hand 
syndrome type pain. The pain is particularly localized 
30 at the deltoid region. The patient is treated by a 
needleless injection of between about 0.05 U/kg to about 
2 U/kg of botulinum type A neurotoxin subcutaneously to 
the shoulder. The particular dose as well as the 
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frequency of administrations depends upon a variety of 
factors within the skill of the treating physician, as 
previously set forth. Within 1-7 days after modified 
neurotoxin administration the patient's pain is 
5 substantially alleviated. The duration of the pain 
alleviation is from about 7 to about 27 months. 



Example 9 
Treatment of Axillary Hyperhidrosis 

10 Axillary hyperhidrosis is a condition which may be 

socially and emotionally disturbing. It is a condition 
of excessive sweating, which may even cause staining and 
decaying of clothes. Initially, the treatment usually 
consists of topical application of antiperspirants 

15 containing aluminium salts and/or tanning agents. 
Iontophoresis using special axillary electrodes are also 
employed in the treatment of axillary hyperhidrosis. 
Oral sedatives, tranquillizers or anticholinergic drugs 
are sometimes used as an adjunct. 

20 If the medical treatment proves ineffective or 

produces unacceptable side-effect, removal of the 
axillary sweat glands by surgical excision or liposuction 
is the other current option. Surgery and liposuction, 
although often effective in controlling excessive 

25 sweating, are commonly complicated by infection, 
bleeding, scarring, loss of axillary hair, hypoaesthesia, 
pain due to nerve injury or entrapment and, occasionally, 
reinnervation of the residual glands and recurrence of 
hyperhidrosis. Denervation of sweat glands by 

30 sympathectomy is also effective but carries the risk of 
pneumothorax, Homer's syndrome and other complications. 

A 35 year old office female dancer presents with a 
severe case of axillary hyperhidrosis. The area of 
hyperhidrosis under the forearm is visualized by means of 
35 an iodinestarch solution (Minor's iodine-starch test). 
The hyperhidrosis area is then marked with a pen. 
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Botulinum toxin type A coated on crystal ice 
particle carrier is loaded into a needleless injector. 
The projection pressure is set so that the drug 
particles, i.e., the botulinum toxin A coated ice crystal 
particles, may be delivered to the dermis layer of the 
skin. Also, such an amount of the drug particle is 
loaded so that about 2 0 U to about 60 of botulinum toxin 
type A is delivered to 8 x 15cm 2 of the demarcated skin 
area. The particular dose of the neurotoxin and area of 
injection, as well as the frequency of toxin 
administrations depend upon a variety of factors to be 
determined by the treating physician, as previously set 
forth. 

Two weeks after treatment, the axillary sweating 
response is measured using the Minor's iodine test. The 
hyperhidrotic area shows about a 95% reduction. The 
reduction in axillary sweating remains up to about 27 
months, preferably 11 months. 

Example 10 
Treatment of Palmar Hyperhidrosis 

Botulinum toxin has been injected into the palmar 
area to treat palmar hyperhidrosis, and has been found to 
be very effective. However, one of the main drawback of 
this treatment is the pain cause by the injection. The 
free nerve endings responsible for the pain sensation 
occur in the papillarv dermis and epidermis whereas the 
sweat glands are imbedded deep in the dermis and in the 
upper layer of the subcutaneous tissue. To deliver the 
botulinum toxin as close to the sweat glands as possible, 
subdermal/ subcutaneous injections would be optimal, and 
presumably less painful than more superficial injections. 
However, the deeper the injection the greater the risk of 
causing weakness of the small muscles of the hand and 
weakening the grip . 

A 22 year old concert pianist presents with a palmar 
hyperhidrosis. The specific area of hyperhidrosis on the 
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hand is visualized by means of an iodinestarch solution 
(Minor's iodine-starch test). The hyperhidrosis area is 
then marked with a pen. 

Botulinum toxin type A coated on crystal ice 
particle carrier is loaded into a needleless injector. 
The projection pressure is set so that the drug 
particles, i.e., the botulinum toxin A coated ice crystal 
particles, may be delivered to the dermis layer of the 
skin. Also, such amount of the drug particle is loaded 
so that about 10 U to about 50 U of botulinum toxin type 
A is delivered to 10 x 15 cm 2 of the demarcated skin 
area. An effective therapeutic dose of botulinum toxin 
is injected without substantial pain. Additionally, no 
substantial muscle weakness or fatigue of the hand is 
observed. The particular dose of the neurotoxin and area 
of injection, as well as the frequency of toxin 
administrations depend upon a variety of factors to be 
determined by the treating physician, as previously set 
forth. 

Two weeks after treatment, the reduced sweating 
response is measured in the area of hyperhidrosis using 
the Minor's iodine test. The hyperhidrotic area shows 
about a 95% reduction. The reduction in sweating remains 
up to about 12 months . 

Example 11 
Subcloninq the BoNT/A-L Chain Gene 

This Example describes the methods to clone the 
polynucleotide sequence encoding the BoNT/A-L chain. The 
DNA sequence encoding the BoNT/A-L chain is amplified by 
a PCR protocol that employs synthetic oligonucleotides 
having the sequences, 5 ' -AAAGGCCTTTTGTTAATAAACAA-3 ' (SEQ 
ID#10) and 5 • -GGAATTCTTACTTATTGTATCCTTTA-3 ' (SEQ ID#11) . 
Use of these primers allows the introduction of Stu I and 
EcoR I restriction sites into the 5 ' and 3 ' ends of the 
BoNT/A-L chain gene fragment, respectively. These 
restriction sites are subsequently used to facilitate 
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unidirectional subcloning of the amplification products. 
Additionally, these primers introduce a stop codon at the 
C-terminus of the L chain coding sequence. Chromosomal 
DNA from C. botulinum (strain 63 A) serves as a template 
in the amplification reaction. 

The PCR amplification is performed in a 10 0ml volume 
containing 10 mM Tris-HCI (pH 8.3), 50 mM KCI , 1.5 mM 
MgCI 2 , 0.2 mM of each deoxynucleotide triphosphate 
(dNTP) , 50 pmol of each primer, 2 00 ng of genomic DNA and 
2.5 units of Taq-polymerase (Promega) . The reaction 
mixture is patiented to 3 5 cycles of denaturation (1 
minute at 94° C) , annealing (2 minutes at 37 °C) and 
polymerization (2 minutes at 72 °C) . Finally, the 

reaction is extended for an additional 5 minutes at 72 °C. 

The PCR amplification product is digested with Stu I 
and EcoR I, purified by agarose gel electrophoresis, and 
ligated into Sma I and EcoR I digested pBluescript II SK* 
to yield the plasmid, pSAL. Bacterial transf ormants 
harboring this plasmid are isolated by standard 
procedures. The identity of the cloned L chain 

polynucleotide is confirmed by double stranded plasmid 
sequencing using SEQUENASE (United States Biochemicals) 
according to the manufacturer's instructions. Synthetic 
oligonucleotide sequencing primers are prepared as 
necessary to achieve overlapping sequencing runs . The 
cloned sequence is found to be identical to the sequence 
disclosed by Binz, et al . , in J. Biol. Chem. 265:9153 
(1990), and Thompson et al . , in Eur. J. Biochem. 
189 :73 (1990) . 

Site-directed mutants designed to compromise the 
enzymatic activity of the BoNT/A-L chain can also be 
created. 
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Example 12 

Expression of the Botulinum Toxin Type A-L (BoNt/A-L) 

Chain Fusion Proteins 

This Example describes the methods to verify 
expression of the wild- type L chains, which may serve as 
a therapeutic component, in bacteria harboring the pCA-L 
plasmids. Well isolated bacterial colonies harboring 
either pCAL are used to inoculate L-broth containing 
lOOmg/ml ampicillin and 2% (w/v) glucose, and grown 
overnight with shaking at 3 0°C. The overnight cultures 
are diluted 1:10 into fresh L-broth containing lOOmg/ml 
of ampicillin and incubated for 2 hours. Fusion protein 
expression is induced by addition of IPTG to a final 
concentration of 0.1 mM. After an additional 4 hour 
incubation at 30°C, bacteria are collected by 
centrifugation at 6,000 x g for 10 minutes. 

A small-scale SDS-PAGE analysis confirmed the 
presence of a 90 kDa protein band in samples derived from 
IPTG-induced bacteria. This M r is consistent with the 
predicted size of a fusion protein having MBP (~ 40 kDa) 
and BoNT/A-L chain (~ 50 kDa) components. Furthermore, 
when compared with samples isolated from control 
cultures, the IPTG-induced clones contained substantially 
larger amounts of the fusion protein. 

The presence of the desired fusion proteins in IPTG- 
induced bacterial extracts is also confirmed by Western 
blotting using the polyclonal anti-L chain probe 
described by Cenci di Bello et al . , in Eur. J. Biochem. 
219:161 (1993). Reactive bands on PVDF membranes 

(Pharmacia; Milton Keynes, UK) are visualized using an 
ant i- rabbit immunoglobulin conjugated to horseradish 
peroxidase (Bio-Rad; Hemel Hempstead, UK) and the ECL 
detection system (Amersham, UK) . Western blotting 

results confirmed the presence of the dominant fusion 
protein together with several faint bands corresponding 
to proteins of lower M r than the fully sized fusion 
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protein. This observation suggested that limited 

degradation of the fusion protein occurred in the 
bacteria or during the isolation procedure. Neither the 
use of 1 mM nor 10 mM benzamidine (Sigma; Poole, UK) 
during the isolation procedure eliminated this 
proteolytic breakdown. 

The yield of intact fusion protein isolated by the 
above procedure remained fully adequate for all 
procedures described herein. Based on estimates from 
stained SDS-PAGE gels, the bacterial clones induced with 
IPTG yielded 5-10 mg of total MBP-wild- type or mutant L 
chain fusion protein per liter of culture. Thus, the 
method of producing BoNT/A-L chain fusion proteins 
disclosed herein is highly efficient, despite any limited 
proteolysis that did occur. 

The MBP-L chain fusion proteins encoded by the pCAL 
and pCAL-TyrU7 expression plasmids are purified from 
bacteria by amylose affinity chromatography. Recombinant 
wild-type or mutant L chains are then separated from the 
sugar binding domains of the fusion proteins by site- 
specific cleavage with Factor Xa . This cleavage 
procedure yielded free MBP, free L chains and a small 
amount of uncleaved fusion protein. While the resulting 
L chains present in such mixtures have been shown to 
possess the desired activities, we have also employed an 
additional purification step. Accordingly, the mixture 
of cleavage products is applied to a second amylose 
affinity column that bound both the MBP and uncleaved 
fusion protein. Free L chains are not retained on the 
affinity column, and are isolated for use in experiments 
described below. 
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Example 13 

Purification of Fusion Proteins and Isolation of 
Recombinant BoNT/A-L Chains 

This Example describes a method to produce and 
5 purify wild- type recombinant BoNT/A light chains from 
bacterial clones. Pellets from 1 liter cultures of 
bacteria expressing the wild-type BoNT/A-L chain proteins 
are resuspended in column buffer [10 mM Tris-HCI (pH 
8.0), 2 00 mM NaCI , 1 mM EGTA and I mM DTT] containing 1 
10 mM phenyl -methanesulf onyl fluoride (PMSF) and 10 mM 
benzamidine, and lysed by sonication. The lysates are 
cleared by centrif ugation at 15,000 x g for 15 minutes at 
4°C. Supernatants are applied to an amylose affinity 
SA column [2x10 cm, 3 0 ml resin] (New England BioLabs; 

=3 15 Hitchin, UK) . Unbound proteins are washed from the resin 

\i with column buffer until the eluate is free of protein as 

\a judged by a stable absorbance reading at 2 80 nm. The 

J*f bound MBP-L chain fusion protein is subsequently eluted 

fjy with column buffer containing 10 mM maltose. Fractions 

= 20 containing the fusion protein are pooled and dialyzed 

against 20 mM Tris-HCI (pH 8.0) supplemented with 150 mM 
\& NaCI, 2 mM, CaCl 2 and 1 mM DTT for 72 hours at 4°C. 

,2 Fusion proteins are cleaved with Factor X 2 (Promega; 

ftj Southampton, UK) at an enzyme : substrate ratio of 1:100 

25 while dialyzing against a buffer of 2 0 mM Tris-HCI (pH 
8.0) supplemented with 150 mM NaCI, 2 mM, CaCl 2 and 1 mM 
DTT. Dialysis is carried out for 24 hours at 4°C. The 
mixture of MBP and either wild-type or mutant L chain 
that resulted from the cleavage step is loaded onto a 10 
30 ml amylose column equilibrated with column buffer. 
Aliquots of the flow through fractions are prepared for 
SDS-PAGE analysis to identify samples containing the L 
chains. Remaining portions of the flow through fractions 
are stored at -2 0°C. Total E. coli extract or the 

35 purified proteins are solubilized in SDS sample buffer 
and patiented to PAGE according to standard procedures. 



D-2933CIP 



Results of this procedure indicated the recombinant toxin 
fragment accounted for roughly 90% of the protein content 
of the sample. 

The foregoing results indicates that the approach to 
creating MBP-L chain fusion proteins described herein 
could be used to efficiently produce wild-type and mutant 
recombinant BoNT/A-L chains. Further, the results 

demonstrate that recombinant L chains could be separated 
from the maltose binding domains of the fusion proteins 
and purified thereafter. 

A sensitive antibody-based assay is developed to 
compare the enzymatic activities of recombinant L chain 
products and their native counterparts. The assay 
employed an antibody having specificity for the intact C- 
terminal region of SNAP- 2 5 that corresponded to the 
BoNT/A cleavage site. Western Blotting of the reaction 
products of BoNT/A cleavage of SNAP- 2 5 indicated an 
inability of the antibody to bind SNAP-25 sub- fragments . 
Thus, the antibody reagent employed in the following 
Example detected only intact SNAP-25. The loss of 
antibody binding served as an indicator of SNAP-2 5 
proteolysis mediated by added BoNT/A light chain or 
recombinant derivatives thereof. 

Example 14 

Evaluation of the Proteolytic Activities of Recombinant 
L Chains Against a SNAP-25 Substrate 

This Example describes a method to demonstrate that 
both native and recombinant BoNT/A-L chains can 
proteolyze a SNAP-25 substrate. A quantitative assay is 
employed to compare the abilities of the wild-type and 
their recombinant analogs to cleave a SNAP-2 5 substrate. 
The substrate utilized for this assay is obtained by 
preparing a glutathione-S- transferase (GST) -SNAP-2 5 
fusion protein, containing a cleavage site for thrombin, 
expressed using the pGEX-2T vector and purified by 
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affinity chromatography on glutathione agarose. The 
SNAP-2 5 is then cleaved from the fusion protein using 
thrombin in 50 mM Tris-HCl (pH 7.5) containing 150 mM 
NaCI and 2.5 mM CaCI 2 (Smith et al . , Gene 67:31 (1988)) 
at an enzyme : substrate ratio of 1:100. Uncleaved fusion 
protein and the cleaved glutathione- binding domain bound 
to the gel. The recombinant SNAP-25 protein is eluted 
with the latter buffer and dialyzed against 100 mM HEPES 
(pH 7.5) for 24 hours at 4°C. The total protein 
concentration is determined by routine methods. 

Rabbit polyclonal antibodies specific for the C- 
terminal region of SNAP-25 are raised against a synthetic 
peptide having the amino acid sequence, CANQRATKMLGSG 
(SEQ ID#12) . This peptide corresponded to residues 195 
to 2 06 of the synaptic plasma membrane protein and an N- 
terminal cysteine residue not found in native SNAP-25. 
The synthetic peptide is conjugated to bovine serum 
albumin (BSA) (Sigma; Poole, UK) using maleimidobenzoyl- 
N-hydroxysuccinimide ester (MBS) as a cross -linking agent 
(Sigma; Poole, UK) to improve antigenicity (Liu et al., 
Biochemistry 18:690 (1979)1. Affinity purification of 
the anti -peptide antibodies is carried out using a column 
having the antigenic peptide conjugated via its N- 
terminal cysteine residue to an aminoalkyl agarose resin 
(Bio-Rad; Hemel Hempstead, UK) , activated with 
iodoacetic acid using the cross-linker ethyl 3- (3- 
dimethytpropyl) carbodiimide . After successive washes of 
the column with a buffer containing 25 mM Tris-HCl (pH 

7.4) and 150 mM NaCI, the peptide-specif ic antibodies are 
eluted using a solution of 100 mM glycine (pH 2.5) and 
2 00 mM NaCI, and collected in tubes containing 0.2 ml of 
1 M Tris-HCl (pH 8.0) neutralizing buffer. 

All recombinant preparations containing wild-type L 
chain are dialyzed overnight at 4°C into 100 mM HEPES (pH 

7.5) containing 0.02% Lubrol and 10 mM zinc acetate 
before assessing their enzymatic activities. BoNT/A, 
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previously reduced with 20 mM DTT for 3 0 minutes at 3 7°C, 
as well as these dialyzed samples, are then diluted to 
different concentrations in the latter HEPES buffer 
supplemented with 1 mM DTT. 

Reaction mixtures include 5 ml recombinant SNAP-25 
substrate (8.5 mM final concentration) and either 20 ml 
reduced BoNT/A or recombinant wild- type L chain. All 
samples are incubated at 37°C for 1 hour before quenching 
the reactions with 25 ml aqueous 2% trif luoroacetic acid 
(TFA) and 5 mM EDTA (Foran et al . , Biochemistry 
33:15365(1994)). Aliquots of each sample are prepared 
for SDS-PAGE and Western blotting with the polyclonal 
SNAP-25 antibody by adding SDS-PAGE sample buffer and 
boiling. Ant i - SNAP - 2 5 antibody reactivity is monitored 
using an ECL detection system and quantified by 
densitometric scanning. 

Western blotting results indicate clear differences 
between the proteolytic activities of the purified mutant 
L chain and either native or recombinant wild-type 
BoNT/A-L chain. Specifically, recombinant wild-type L 
chain cleaves the SNAP-2 5 substrate, though somewhat less 
efficiently than the reduced BoNT/A native L chain that 
serves as the positive control in the procedure. Thus, 
an enzymatically active form of the BoNT/A-L chain is 
produced by recombinant means and subsequently isolated. 
Moreover, substitution of a single amino acid in the L 
chain protein abrogated the ability of the recombinant 
protein to degrade the synaptic terminal protein. 

As a preliminary test of the biological activity of 
the wild- type recombinant BoNT/A-L chain, the ability of 
the MBP-L chain fusion protein to diminish Ca 2+ -evoked 
catecholamine release from digitonin-permeabilized bovine 
adrenochromaf f in cells is examined. Consistently, 
wild-type recombinant L chain fusion protein, either 
intact or cleaved with Factor X 2 to produce a mixture 
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containing free MBP and recombinant L chain, induced a 
dose -dependent inhibition of Ca 2+ - stimulated release 
equivalent to the inhibition caused by native BoNT/A. 

Example 15 

Reconstitution of Native L Chain., Recombinant Wild-Type L 
Chain with Purified H Chain 

Native H and L chains are dissociated from BoNT/A 
(List Biologicals Inc.; Campbell, USA) with 2 M urea, 
reduced with 100 mM DTT and then purified according to 
established chromatographic procedures (Kozaki et al . , 
Japan J. Med. Sci . Biol. 34:61 (1981); Maisey et al . , 
Eur. J. Biochem. 177:683 (1988)). Purified H chain is 
combined with an eguimolar amount of either native L 
chain or recombinant wild-type L chain. Reconstitution 
is carried out by dialyzing the samples against a buffer 
consisting of 25 mM Tris (pH 8.0), 50 mM zinc acetate and 
150 mM NaCl over 4 days at 4°C. Following dialysis, the 
association of the recombinant L chain and native H chain 
to form disulf ide-linked 150 kDa di-chains is monitored 
by SDS-PAGE and quantified by densitometric scanning. 
The proportion of di -chain molecules formed with the 
recombinant L chains is lower than that obtained when 
native L chain is employed. Indeed, only about 30% of 
the recombinant wild-type or mutant L chain is 
reconstituted while >90% of the native L chain 
reassociated with the H chain. In spite of this lower 
efficiency of reconstitution, sufficient material 
incorporating the recombinant L chains is easily produced 
for use in subsequent functional studies. 
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Example 16 

A Study of Botulinum Neurotoxin Type A Activity When the 
Toxin is Produced in Skin and Muscle cells of an animal 

Genes encoding botulinum toxin type A are expressed 
5 in the skin and muscle cells of live mice in situ by 

needleless injection of DNA coated microproj ect iles into 
the tissues. 

The DNA encoding recombinant botulinum toxin 
comprises two nucleotide sequences. One sequence 

10 contains a human beta-actin promoter fused to a DNA 
sequence encoding the heavy chain of botulinum type A. 
The second sequence contains a human beta-actin promoter 
fused to a DNA sequence encoding a light chain of 
botulinum toxin. Polyadenylation signal sequences are 

15 added 3 ' to the Clostridium genes . Stop codons are 
placed at the 5 1 end of each gene to allow translation of 
the complete heavy chain and light chains. 

Substance particles, for example, gold particles or 
tungsten particles, having a range of diameter from 1 to 

20 3 micrometers or 2 to 5 micrometers are coated with DNA 
by mixing sequentially 2 5 microliters of gold or tungsten 
microproj ectiles in an aqueous slurry, 2.5 microliters of 
DNA (lmg/ml) , 2 5 microliters of CaCl 2 and 5 microliters 
of free base spermidine (1M) . After 10 min of 

25 incubation, the microproj ect iles are collected by 
centrifugation and the supernatant removed. The pellet 
is washed once in 70% ethanol , centrifuged and 
resuspended in 25 microliters of 100% ethanol. The 
ethanol is allowed to evaporate from the DNA coated 

30 microproj ectiles before injection. 

The DNA coated microproj ect iles are administered 
into the skin, or into the skin and underlying muscle 
tissue of the mice by needleless injection. 
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Botulinum toxin gene expression is assessed by, for 
example, in situ hybridization. In situ hybridization is 
performed 24 hours after the injection. The muscle and 
skin tissues are frozen and cryosectioned at 10- 
micrometer thickness. The sections are dried onto 
gelatin/chrom alum-coated slides, fixed with 4% 
paraformaldehyde and hybridized with 35 S- labeled synthetic 
oligonucleotide probes complementary to the botulinum 
toxin mRNAs. FITC labeled antibodies to the heavy and 
light chains were also used as probes. Results showed 10 
to 20% of the skin cells in the area of injection 
expressed the botulinum toxin genes. While 5 to 10% of 
the muscle cells in the injection area expressed the 
genes . 

In mice where the DNA coated particles were 
administered to the skin and substantially to underlying 
muscle tissue, a partial paralysis of the effected muscle 
was noted. 

Example 17 

Peripheral Administration of a Modified Neurotoxin DNA 
Encoding Sequence to Treat Inflammatory Pain 

A patient, age 45, presents a case of 
blepharospasm. The patient is treated by a needleless 
injection to the skin near the eye of between about 10 
nanograms to about 5 micrograms of DNA encoding botulinum 
neurotoxin plus appropriate flanking sequences, 
preferably the neurotoxin is type A. Preferably, gold or 
tungsten microproj ectiles are coated with the DNA. The 
particular dose as well as the frequency of 
administration depends upon a variety of factors within 
the skill of the treating physician. Within 1-7 days 
after modified neurotoxin administration the patient's 
pain is substantially alleviated. The duration of the 
alleviation of spasmotic winking is from about 7 to about 
2 7 months. 
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Example 18 
Treatment of Gustatory Sweating 

Gustatory sweating (Frey's syndrome, 

5 auriculotemporal syndrome) is sweating of the facial skin 
during meals and commonly is seen following parotid gland 
surgery and trauma to the preauricular region. 
Denervated sweat glands become reinnervated by 
misdirected sprouting of parasympathetic secretomotor 
10 fibers that have lost their "target organ, " the salivary 
gland. Gustatory sweating is experienced by 13-50% of 
patients after pariodectomy . 

A 40 year old man presents a classic case of Frey's 
syndrome. The area of hyperhydrosis on the face is 

15 visualized by means of an iodinestarch solution (Minor's 
iodine-starch test) after sweating is stimulated by 
having the patient chew an apple or sour fruit candy. 
The hyperhidrosis area is then marked with a pen. 

DNA encoding botulinum toxin type A and appropriate 

20 flanking sequences, i.e. transcription initiation and 
termination sequences, is coated on a gold particle 
carrier. The coated carrier is loaded into a needleless 
injector. The projection pressure is set so that the 
drug particles may be delivered to the dermis layer of 

25 the skin. The particular dose of the neurotoxin DNA and 
area of injection, as well as the frequency of toxin 
administration depends upon a variety of factors to be 
determined by the treating physician, as previously set 
forth. 

30 Seven days after treatment, the gustatory sweating 

is measured using the Minor's iodine test. The 
hyperhidrotic area shows about 93% reduction. The 
reduction in gustatory sweating starts after about 72 
hours and persists up to about 12 months. 

35 While this invention has been described with respect 

to various specific examples and embodiments, it is to be 
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understood that the invention is not limited thereto and 
that it can be variously practiced with the scope of the 
following claims. Other embodiments, versions, and 
modifications within the scope of the present invention 
are possible. 
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